Abstract-The value of soil resistivity is an essential pre-requisite in designing an electrical grounding system. The current practice, as advocated even by national/international standards involves taking the average soil resistivity of the site as the parameter to be considered in designing the grounding system. This study shows that average soil resistivity may lead to significant overestimation or underestimation in the designing process as the localized soil resistivity may significantly differ from the average soil resistivity of the entire site. At least 14% difference between average and localized soil resistivity were obtained base on measurements done on five locations. Therefore, it is suggested that electrical engineers who design grounding systems should first identify the locations where the components of the grounding systems will be installed. Then, the localized soil resistivity at that particular point should be measured and the sizing and geometry of the grounding electrode should be designed accordingly.
I. INTRODUCTION
Grounding system is a pivotal part for the protection of electrical systems which could be as simple as a residential unit or as complicated as a building complex with numerous sensitive equipments [1] . Soil resistivity is a prime factor which governs the efficiency of a grounding system [2] . It can even be stipulated that the effect of soil resistivity is more dominant than the resistivity of grounding conductors and contact resistance between the conductor and the soil although this can only be confirmed once future investigations are done in this regard. Soil resistivity mapping is the process of determining the subsurface resistivity distribution of soil by condoning measurements on the ground surface [3] . Soil is the medium which will absorb and neutralize undesired charge brought either by lightning or power system [4] . As argued in [4] , a soil is analogous to a capacitor with infinite charging capacity.
Previous study has discovered that the "specific soil resistivity" were significantly different from the average soil resistivity [5] . Another study has brought the investigation further and concluded that grounding systems installed at close proximity to slopes, trees and water sources have relatively high values of ground resistance; may be due to the issue of "specific soil resistivity" [1] .
In the research presented, further studies with respect to the issue of "specific soil resistivity" have been conducted. However the terminology of "localized soil resistivity" will be used in the current work instead of the slightly ambiguous terminology of "specific soil resistivity". In this context of discussion, localized soil resistivity means the subsurface resistivity of the immediate soil within a radius of 2 m surrounding the installed grounding system.
The grounding systems were represented by driven copper rods in [5] . However in current study, such systems were replaced by slightly modified version of grounding pits as it was detailed in [6] [7] . The advantage of this work is that soil was excavated before the pits were installed. This means that the soil was significantly disturbed compared to the case of driven copper rods. In real construction practice, the amount of soil disturbed would be much higher. Therefore the novelty of this study is the variation of localized soil resistivity under disturbed conditions. In addition, the IEEE 81 standard advocated that the variation of soil resistivity is insignificant when a day-to-day comparison is drawn [8] . However no recently published work investigating such recommendation could be found during our literature survey. Therefore, in the current study, the localized soil resistivity at five different locations were measured on a daily basis for two months.
II. METHODOLOGY

A. Site Selection
Before starting the experiment, the site in which the research took place was carefully selected. Several factors were considered in the selection which includes:
Adequacy of space for construction of research objects Soil stability Soil resistivity Proximity and accessibility Long-term availability of the site By considering the aforementioned factors, five sites of sufficient space and of various soil resistivity were selected. The sites which were scattered around University Putra Malaysia were chosen for the convenience of the researchers to execute regular measurements.
The sites identified are: i) Locations marked as A1 and A2 in Fig. 1 . ii)
Locations labeled as B1, B2, C1 and C2 in Fig. 2 . iii)
Locations labeled as D1 and D2 in Fig. 3 . iv)
Locations labeled as E1 and E2 in Fig. 4 . The same site used in [6] was chosen as site 1 because this site exhibits relatively low resistivity due to its loamy soil characteristics. The locations were designated as A1 and A2 as illustrated in Fig. 1 . Its average soil resistivity was measured to be 121 Ω m during the experimental works done in [6] . This resistivity was considered as low enough. Measurement was repeated prior to the installation and it was found that there is not much difference in the average soil resistivity which stood at 115 Ω m considered in current work.
Site 2 was chosen because it is relatively heavily vegetated and it is one of the highlands in UPM. B1 and B2 were purposely located near to a giant tree whereas C1 and C2 were located on rocky area. B1 and B2 were at a distance of more Site 3 is also one of the highlands in UPM and was one of the experimented location in [1, 9] . A location much closer to the slope which exhibits a high soil resistivity, averaging at 2.7 kΩ m, was also selected. The pits were designated as D1 and D2 as shown in Fig. 3 . The slope was about 45° and 15 m high.
The final site 4 was situated at a flat low land. E1 and E2 were located in parallel with a tarred road. Excavation work revealed traces of dumped concrete in the site, most probably done by previous construction work. The average soil resistivity at the site was measured to be 257 Ω m.
The surfaces of the soil of all ten locations were compressed as much as possible by a backhoe after the excavations were done.
B. Soil Resistivity Measurement
In practical measurement of soil resistivity from the electrical engineering perspective, several methods have been implemented [10] : Wenner 4-pole method Schlumberger 4-pole method 3-point method 2-point method The most recommended method in measuring the soil resistivity of large soil masses is 4-pole method [8] . Wenner method was selected because it is more practiced as illustrated in literature. In addition, Schlumberger method is more accurate for larger inter-probe spacing and hence corresponding to resistivity of soil at greater depth [8] . However in present work, only the soil resistivity at a depth of 1 m (which is the burial depth of the grounding pits in ( [6] [7] ) was studied. Therefore, selection of Wenner method is further justified.
Measurements of the localized soil resistivity were taken in a T-direction at each marked location using Digital Earth Tester Megger model DET4TCR2 as shown in Fig. 5 and the average was considered as the final reading. The main principle behind the Wenner method is the average soil resistivity (ρ) up to certain depth of soil which is equal to the separation distance between the probes (a) can be approximated to be equal to 2Rπa if the depth of probe (d) is at least 20 times less than the inter-probe separation. In other words,
ρ=2Rπa
In our case, a was fixed at 1 m. Fig. 5 depicts how the current probes (C1 and C2) and potential probes (P1 and P2) were arranged in a straight line when measuring the soil resistivity. Fig. 10 show the localized soil resistivity measured on daily basis for up to two months with the summary presented in Table I . The fluctuation was quantified by standard deviation of each setting. The average value in the second column of Table I refers to the average localized soil resistivity whereas the average value in the fourth column represents the average soil resistivity of the whole site measured prior to the installations of the grounding pits. IV. DISCUSSIONS Fig. 6 to Fig. 10 show that the localized soil resistivity significantly varies on a daily basis at each site. This is in contrary to what has been advocated by standards in which variation of soil resistivity is insignificant when a day-to-day comparison is drawn [8] . Fluctuation and movement of moisture within soil is the likeliest reason of such finding as the effect of temperature on soil resistivity is negligible at tropical area. Presence of big trees as in B1 would significantly accelerate the movement of moisture from soil via its root activity thus resulting in significant fluctuation of 27.8% in soil resistivity. All sites experienced at least 10% fluctuation (characterized by standard deviation) of resistivity. As per Table I , there is clearly a significant difference between the average and localized soil resistivity at the same site. The differences were more prominent at sites with higher average soil resistivity. Although B1, B2, C1 and C2 were buried in the same site, their respective localized soil resistivities were significantly different from each other. In fact, the localized resistivity of C1 is approximately double that of C2 although they are just 5 m apart.
In addition the localized resistivity of D1 and D2 is about 3-4 times of the average resistivity of the area considered in [1] [2] [3] [4] [5] [6] [7] [8] [9] although all setups are on the same stretch of land. Therefore, it is suggested that electrical engineers who design grounding systems should first identify the locations where grounding systems will be installed. Then, the localized soil resistivity at that particular point should be measured and the sizing and geometry of the grounding electrode should be designed according to the measured localized value rather than taking the average soil resistivity value. By condoning such practices, underestimation and overestimation of ground resistance for a particular design of grounding system could be prevented.
Regular monitoring of soil resistivity especially at sites with high soil resistivity is imperative. In site 3 of D1 and D2, the change in resistivity could reach 1 kΩ m on two consecutive days of measurement. This occurred during the drier period of measurement.
In addition, the localized soil resistivity for all sites are on a declining trend as time progressed from the drier months of July-August to wetter September. July-August is typically the driest period of the year and is the best period to gauge the performance of any proposed grounding system or backfill material. There is an abrupt collapse of soil resistivity at site A2 from 4 th September onward, most probably be due to subsequent soil compaction. Similar trends are observable for B1, B2 and E1.
The localized soil resistivity of six out of ten locations considered was actually higher than the average soil resistivity of the respective sites. In real designing scenario, taking the average soil resistivity in such cases would lead to an underestimation which in turn may lead to unforeseeable damages due to inappropriate selection and sizing of grounding electrodes. Table II shows that there is at least 14% difference between the localized and average soil resistivity considered in this study. Localized soil resistivity may differ significantly with average soil resistivity Even at same land plot, localized soil resistivity at one specific location may differ significantly with another located few meters away. The change in localized soil resistivity may be significant even on a daily basis. Fluctuation of soil resistivity is more prominent in highly resistive soil.
Based on such findings, following recommendations are suggested:
Engineers designing grounding system should first decide the location of the grounding electrodes, then design according to the measured localized soil resistivity at the specific location of interest. Measurement of soil resistivity should best be done during the typically driest period for the site of interest and design of grounding system should then be done accordingly.
The international standards on grounding should emphasize on the significance and importance of considering localized soil resistivity in the designing guidelines.
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